Abstract-This paper presents a system to measure accurate value of time of response (TOR) for ultrasound transducer pairs based on Field Programmable Gate Arrays (FPGA). In the experiment, the transmitter is set to transmit the pulse to the target object and the reflected signal is then captured by the receiver. The time taken for the signal to travel back to the receiver is measured by TOR. FPGA technology and data acquisition system were used to generate a pulse at the transmitter site. The pulse is projected directly to the targeted object and the signal that has been reflected from the object will be captured three times by the receiver. The results show that the TOR value obtained can be calculated accurately. The best TOR found in this study is the signal capture 1 with the lowest percentage error of 0.819%.
INTRODUCTION
Ultrasonic Tomography (UT) principles were used to transmit signal to the object and reflected back to the receiver, and the time to travel back to the receiver is called as time of response (TOR). It provides information for the signal received to be imaged. The accuracy of determination TOR are detected by the first signal arrived of the returned echo [1] . A few research has investigated the use of UT based on TOR in many application [1] [2] [3] [4] .
In terms of applications, UT is widely used in nondestructive testing industry, robot navigation, automotive application and medical imaging. For non-destructive UT was also established to detect particle flow and corrosion in pipe line with TOR estimation [5] [6] . In design robot navigation, UT was used to find TOR in order to detect the obstacle [7] [8] . Apart from that, UT was also used for smart parking system and for security monitoring purpose in automotive application [9] . In medical imaging, UT was used by rotating the transducer around the object immersed in the water in medical imaging [10] [11] and the results found that the TOR are able to detect an object. In summary, most studies used ultrasonic transducer will be utilizing TOR to assist the application.
In ultrasound imaging, the equipment such as FPGA is required to process the transmitted and the received signal from the transducer to make it as a full embedded system of the ultrasound imaging. FPGA is one of the embedded systems used in ultrasound imaging to process the transmitted and the received signal to make it as a compatible [12] .
FPGA in ultrasonic-based device has been used by various applications [1] [13][14] [15] . FPGA can be reconfigured and reprogrammed and also can transform the ultrasound machine into a FPGA based platform [16] .
In this study, the determination of the TOR value was measured using 40 kHz UT with the aid of FPGA which generates pulse for the transmitter to verify its ability in detecting metal object. Basically, the characteristics of transducer based on their frequency response are depends on the different types of transducer [17] .
The presented result in this paper is focused on the time of response of the 40 kHz UT signal which is projected by the transmitter to the target object and show in polarization form.
II. ULTRASOUND TRANSDUCER IMPLEMENTATION

A. Time of response theory
TOR estimation is a pulse echo method [18] . It is called as pulse echo method based on the response of the signal reflected back from the object. it is proportional to the distance travelled by the signal to reach the receiver after being reflected by the target [18] .
There are few factor that give impact to the pulse echo response such as the mechanical effect; position, reflecting of object, angle of the object, temperature and humidity [19] . Fig. 1 , show the effect of medium air on propagation speed. It show that the pulse transmit to the target object will reflect back to the receiver as an echo can be detected. The time for a sound wave to travel to the receiver can be calculated as:
Where d is a distance from UT to the target object, t is the propagation time, and c is the velocity of ultrasonic propagation in the air [3] [4] .
Examples of TOR application in air are mobile object positioning and distance range measurement. It is found that UT is able to obtain good performance with less cost. [8] [20] [21] . 
B. Time of respond measurement
The UT receiver is used to receive signal reflected from the target object. The required TOR as in (2) is measure with the time it takes for the pulses to propagate from transmitter and echo back to the receiver when it encounters the target object. In this study, we measured the time it takes from the transmitter chirp as show in Fig. 2(a) to the first signal peak of the receiver signal as show in Fig. 2(b) . At this received signal, the TOR is measured starting from the pulse transmit through the transmitter to the first signal arrived at the receiver. This first signal gives best option to find the TOR value. TOR = t chirp + t echo (2) Fig. 2 . TOR is measured from the first signal arrived.
III.
EXPERIMENT SETUP
In this study, an UT based used a transmitter and a receiver, FPGA, and a target object was set up. Fig. 3 show the illustration of a block diagram of experimental setup.
A. Ultrasonic signal generator
A FPGA is used to generate 12.5 microseconds pulse signal. This signal is supplied to the transmitter with amplitude of 3.3 V at 40 kHz frequency. The pulse signal is as shown in Fig. 4 . 
B. Electronic measurement technique
The UT is placed in front of the target object, where the distance between UT with target object was fixed to 2 cm. The excitation generator of the emitting transducer is generated by pulse of FPGA.
The experiment is setup by rotating the object from 0° to 360°. The signal is captured at every 5° rotation. The experiment has been repeated for three times at every degree. Fig. 5 shows pulse of transmitted and received signal. The time of the transmitted signal travelling back to the receiver is the TOR value.
C. Ultrasonic refelction mode
The method that is applied in this research is the reflection mode. The reflection mode technique is based on the position and physical properties of wave on an interface [17] .
By using this method, the time taken for the ultrasound wave to propagate from the transmitter to the targeted object and reflected back to the receiver will be measured.
In sound reflection, UT consider the surface of the object, the distance of the object to the transducer, the size of the object and the angle of the sensor to the object [19] .
In this study, to determine the TOR, we focus on the angle of direction with the object rotated by every 5°.
D.
Data processing in Matlab
TOR information is extracted from the raw data. In order to verify the validity of the measure the TOR information that is extracted from raw data are plotted. The procedures are illustrated in Fig. 6 .
Once the raw data converted to binary file, the positive value of the received signal was determined. The first highest peak of the positive signal was found as TOR value.
IV.
RESULTS
The aim of this experiment is to measure the TOR value at the signal received. The signal has been captured for three times with object rotated at every 5 degree. Signal capture 1, signal capture 2 and signal capture 3 are plotted in Fig. 7 . The plot shows that the values of TOR versus degree, where all the data capture are proportionate to the target object. This TOR results in Fig. 7 has been compared with previous study which used breast phantom as a target object [22] . Fig. 8 shows the target object used in previous study and object used in this study. Fig. 9 shows the polar plot for previous study which used different object from Fig. 7 . It also indicated that the signal captures are also proportionate to the target object. In addition, the plot resembles the shape of the object as shown in Fig. 8 . Fig. 9 . Signal capture plot Degree versus TOR for previous experiment V. DISCUSSION From the TOR values in Fig. 7 and Fig. 9 , mean square error (MSE) is calculated between all the signal capture. The MSE of signal captures for Fig. 7 and Fig. 9 are shown in Table I and Table II . Table I shows that signal capture 1 has achieved the best TOR with the lowest percentages error of MSE of 0.816% compared to signal capture 2 and signal capture 3. Therefore, TOR value in signal capture 1 is more accurate compared to signal capture 2 and signal capture 3. It is possible that signal capture 2 and signal capture 3 are affected by environmental factors such as temperature and humidity. Meanwhile, Table II shows the MSE of TOR for Fig. 9 . It shows that both signal captures resemble the true object. The best TOR value is signal capture 2 with the MSE is 0.387%. Based on the obtained experimental results, our UT has successfully detected an object by determining the TOR value for each received signal. For further improvement, reconstruction of 2D and 3D images could be applied with the TOR values estimation.
In the future, we plan to investigate the highest resolution that can be measurable by the system. 
